Objective: To review the results of a quality improvement (QI) project to improve admission temperatures of very low birth weight inborn infants.
Introduction
Newborn infants generally have a drop in temperature immediately after birth through evaporative, radiant, convective and conductive heat loss. Hypothermia after birth is a particularly significant problem in premature newborns. The evaporation heat exchange for very preterm infants in the delivery room is considerably greater than that of term infants, and evaporative heat loss continues throughout the first day, even when newborns are stabilized in convectively heated and humidified incubators. 1 In comparison to term newborns, premature babies have relatively diminished heat production and retention capabilities, attributable to less subcutaneous fat content, poor vasomotor control, greater skin surface area to body volume ratios and underdeveloped epidermis. 2 In addition to being a risk factor for neonatal death, initial hypothermia has been reported to be associated with morbidities such as necrotizing enterocolitis, intraventricular hemorrhage (IVH). [3] [4] [5] Several approaches have been taken to prevent hypothermia in neonates. Traditionally, the Neonatal Resuscitation Program (NRP) has recommended warming newborn term infants under a radiant heater while drying with a warm towel. 6 However, estimates of the average output of most radiant heaters place into question their ability to sufficiently maintain the body temperatures of newborns immediately after birth. 7 Resuscitation strategies for term neonates may not be applicable or sufficient for preterm neonates. The ambient temperature of the delivery room may also play a role. 8 Furthermore, alternative and newer approaches to thermal care have been pioneered, including occlusive wrapping, heated mattresses, skin-to-skin care and hats. Randomized clinical trials evaluating the efficacy of such interventions have demonstrated some improvements in newborn admission temperatures over conventional care. A systematic review of three randomized controlled trials and five historically controlled trials demonstrated improvement in admission temperatures of premature newborns wrapped in plastic wrap relative to nonwrapped newborns treated with standard care. 2 No such improvement has been reported as a part of a quality improvement (QI) project. The newest NRP guidelines have added a section on maintaining temperature in preterm infants, suggesting the potential use of polyethylene bags or a portable warming pad.
The newborn services at our hospital undertook a QI project to improve premature newborn temperatures. We did a retrospective analysis of very low birth weight (VLBW) inborn infants to assess whether the QI project resulted in increased newborn temperatures at our hospital. We wanted to see if interventions to improve premature newborn temperatures would be effective in the context of a QI project as opposed to a clinical trial.
Methods
As a part of an internal review, temperatures of VLBW newborns were reviewed at Lucile Packard Children's Hospital at Stanford. A total of 76% of VLBW newborns were found to have hypothermia with admission temperatures <36 1C. A QI project was initiated in order to improve admission temperatures. Key points of this project are shown in Table 1 .
A committee was formed of physicians and nurses attending deliveries to plan and implement processes to decrease newborn hypothermia in premature infants, including those validated in previous clinical trials. The objective of these measures was to maintain newborn body temperature above 36 1C. The core of the plan included five main strategies: the use of radiant warmers, polyethylene wraps, appropriately sized infant caps, chemical warming mattresses and the availability of warm blankets. There was an initial planning period of several months, followed by education of neonatology intensive care unit (NICU) and obstetric staff involved in newborn care, with subsequent implementation of measures.
This study was a retrospective chart review to assess whether or not the QI project resulted in a change in newborn temperatures following its implementation. We studied inborn infants with birth weight <1500 g during the following two periods: the 18 months prior to the planning and education phase (July 2003 to December 2004), and the 15 months after implementation (July 2005 to September 2006). Parts of this data had been gathered as part of another ongoing project in which data are gathered on all infants with birth weight <1500 g in our NICU. Our study was approved by the Stanford University Institutional Review Board.
There were 345 inborn newborns with birth weight <1500 g during the study period. Of those, 24 died in the delivery room or were not provided with resuscitative efforts and did not have their temperatures recorded. Initial temperatures were not recorded for nine other newborns in the database. We also excluded two records, which did not have time of temperature and six records for which the first temperature had been taken at or greater than an hour after delivery. This resulted in a cohort of 304 newborns, of which 134 were in the 'before' period and 170 in the 'after' period.
Data available for analysis included admission temperature, site of temperature measurement, time of temperature measurement, gestational age, birth weight, mode of delivery, Apgar scores, multiple births, antenatal steroid use and time of rupture of membranes. We also collected data on the outcomes of IVH and survival to discharge or to 120 days if still hospitalized.
We compared temperatures of newborns delivered before and after the QI measures by comparing the mean and as sorted into three categories (<35, 35 to <36 and X36 1C) or by two categories (<36 and X36 1C). We compared characteristics of the two cohorts using Student's t-test for continuous variables and w 2 analysis for categorical variables. The temperature profiles for various birth weight and gestational age categories between the two periods were compared.
We separated the 'after' time period into successive 5-month blocks to see if there was a difference in temperatures as time progressed beyond the initial implementation period. In addition, we performed multivariable logistic regression to risk-adjust between the two time periods. Variables included in the model other than time period were gestational age, mode of delivery, 5 min Apgar scores, multiple births, antenatal steroid use, prolonged rupture of membranes (>18 h), time and site of temperature measurement.
We also wanted to see if the above factors had different contributions to hypothermia (<36 1C) in the two time periods and used the same model to assess the two time periods surrounding implementation of the QI project.
We examined the overall global outcomes of mortality and grade 3 or 4 IVH during the two time periods and made comparisons using w 2 analysis.
Results
Characteristics of patients were similar before and after the QI project implementation with no significant differences in birth weight or gestational age (Table 2 ). There was noted to be higher administration of antenatal steroids before the start of the QI project. Apgar scores, mode of delivery, as well as time and site of temperature measurement were similar. Higher cesarean rates were seen for higher gestational age (>31 weeks, 89.4%) compared to Figure 1) . (Table 3) . Before the QI project, 76% of newborns had admission temperature <36.0 1C, whereas afterwards, only 32% of newborns had admission temperature <36.0 1C. There were no differences seen among the three 5-month periods after the project had started.
The lowest temperatures recorded were 32.7 1C before and 32.6 1C after the QI project. Temperature <36 1C was more common in newborns with lower birth weight in both the before and after periods (Table 4 ). However, there was a significant decrease in hypothermia across all weight group categories after the project. The biggest absolute decrease occurred in the 750 to 999 g group from 91.9% of newborns before the QI project with low temperatures, which improved to 33.3% of newborns after the project. Similar decreases were seen for each gestational age group category (Table 4) . Figure 1 Distribution of initial newborn temperatures before and after quality improvement project.
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A multivariable logistic regression model was created to see what risk factors contributed to hypothermia (temperature <36 1C) at birth. Cesarean delivery was associated with hypothermia (odds ratio, OR 2.12, 95% confidence interval, CI 1.10, 4.12) ( Table 5 ). The strongest predictor of hypothermia in our model was being in the period before the QI project (OR 8.12, 95% CI 4.63, 14.22). We further constructed multivariable logistic regression models separately for each of the two time periods. Before the QI project the strongest risk factor for hypothermia was cesarean delivery (OR 4.19, 95% CI, 1.41, 12.43). After the QI project, mode of delivery was not significantly associated with hypothermia (OR 1.56, 95% CI, 0.62, 3.92). Full details of these models are available upon request.
Neither mortality (5.2 vs 10.0%, P ¼ 0.13) nor grade 3 or 4 IVH (12.7 vs 8.5%, P ¼ 0.24) changed significantly over the two time periods. The combined outcome of death or grade 3/4 IVH was 16.4% before and 15.3% after (P ¼ 0.79) the QI project implementation.
Conclusion
We reviewed the results of a project to improve premature newborn temperatures at our hospital and found a significant improvement in admission temperatures after QI measures were implemented. The QI project involved education of staff and implementation of several practices in the delivery room. The differences seen in temperatures occurred in the context of daily clinical practice, not as the result of a clinical trial.
The mean temperature rose from 35.4 1C before, to 36.2 1C after the QI project. Although we used several measures including plastic wrap and chemical warming mattresses, our rise in temperature was similar to the differences seen in clinical trials using only one of those measures. 8, 10, 11 It may be the case that the effects of these strategies are not additive in increasing premature newborn temperature. Our project was an evaluation of a QI project, not a clinical trial. Although studies have demonstrated the efficacy of several heat loss-reducing interventions, there have been no reports on the successful adoption of these measures in settings that were not in the context of a clinical trial.
We found an increase in temperature across all gestational age categories (Table 4) . However, the largest improvements were seen for gestational age less than 31 weeks. It may be that an overarching strategy may not be optimal for all preterm newborns, particularly those that are larger than those for which some of the employed measures were originally intended.
Although cesarean delivery was a strong risk for hypothermia prior to QI implementation, this was not a factor after implementation. The operating room is often colder than routine labor and delivery rooms and the interventions employed during this project may have been sufficient to overcome the colder ambient temperature of the operating room.
We used 36 1C as the minimum goal for admission temperature for the project. The NRP most recently states a goal of an 'axillary P-value is calculated using w 2 for groups. Periods 1-3 represent successive 5-month periods after quality improvement measure implementation. Although we did not see any difference in death or IVH, we did not have sufficient power to detect a small difference in these outcomes. With our sample size and a base rate of 15% for death and severe IVH, there would need to be a 67% reduction in outcome to reach a significance level of P<0.05 with 80% power. To detect a less dramatic improvement in outcome would need a much larger sample size.
Despite the use of several strategies to keep infants warmer, we did not experience a higher incidence of hyperthermia after the QI project. To date, there have been no adverse outcomes associated with the QI project.
During the time when the QI project was being implemented, we had several meetings, which involved neonatologists, nurses and management. For the first 2 months of the project, we collected evaluation forms to assess if there were any problems with the measures being implemented. In general, there was acceptance of the program by the staff. Two types of patients, which were identified as having difficulty with temperature maintenance, were those who required extensive resuscitation such as chest compressions and those, which urinated early into the plastic wrap. With that feedback, we then suggested that in situation when an infant voided into the plastic wrap, that it be removed and dried with warm blankets. Another mechanism such as an isolated urine bag could also help in such situations. However, this was a rare event overall.
Some QI projects result in acute improvements but are not followed by long standing change. We had active collection of feedback for 2 months and then monitoring of temperatures prospectively for another 3 months. Afterward, we did not have any more meetings or feedback mechanisms. Nevertheless, we saw a sustained overall improvement in temperatures over the following 10 months. We attribute this to an overall culture change in our unit, where the staff was educated to the reasons and goals behind the QI measures, with a plan that involved physicians, nurses and management.
